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The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure as it appears in the Patent and Trademark Office 
patent file or records, bat otherwise reserves all copyright 
rights whatsoever. 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of polymer 
synthesis. More specifically, the invention provides arecctar 
system, a masking strategy, photccremovable protective 
groups, data collection and processing techniques, and appli- 
cations for light directed synthesis of diverse polymer 
sequences oa substrates. 

SUMMARY OF THE INVENTION 

Methods, apparatus, and cciruxttrtions for synthesis and 
use of diverse polymer sequences on a substrate are 
disclosed, as well as applications thereof. 

According to one aspect of the invention, an improved 
reactor system far synthesis of diverse polymer sequences 
on a substrate is provided. According to mis embodiment the 
invention provides for a reactor for contacting reaction fluids 
to a substrate; a system for delivering selected reaction fluids 
to the reactor; a translation stage for moving a mask or 
substrate from at least a first relative location relative to a 
second relative location; a tight for illuminating the substrate 
through a mn<v at selected times; and an appropriately 
programmed digital computer for selectively directing a 
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flow of fluids from the reactor system, selectively activating 
the translation stage, and selectively flluminating the sub- 
strate so as to form a plurality of diverse polymer sequences 
on the substrate at predetermined locations. 

5 The invention also provides a technique for selection of 
linVpr molecules in a very large scale immobilized polymer 
synthesis (VLSIPS™) method. According to this aspect of 
the invention, the invention provides a method of screening 
a plurality of Knfcrr polymers for use in binding Affinity 

10 studies. The invention includes the steps of forming a 
plurality of HnVir polymers on a substrate in selected 
regions, the linker polymers formed by the steps of recur- 
sively: on a surface of a substrate, irradiating a portion of the 
selected regions to remove a protective group, and contact- 

15 xng the surface with a monomer, contacting the plurality of 
linlcer polymers with a ligand; and contacting the ligand with 
a labeled receptor. 

According to another aspect of the invention, improved 
photore movable protective groups are provided- According 

20 to this aspect of the invention a compound having the 
formula: 
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wherein n=0 or 1; Y is selected from the group consisting of 
an oxygen of the carboxyl group of a natural or unnatural 
flmipf> add. an amino group of a natural ox unnatural amino 
jirirf or the C-5' oxygen group of a natural or unnatural 

33 deoxyribonucleic or ribonucleic acid; R l and R 2 indepen- 
dently are a hydrogen atom, a lower alky I, aryL beuzyL 
halogen, hydroxy! ailtoxyt thiol thioether, amino, iritro, 
carboxyL formate, fczmanrido, sulfide, or phosphido group; 
and R 3 is a alkaxy, aDcyt aryi, hydrogen, or altocnyl group 

40 is provided. 

The invention also provides improved masking tech- 
niques for the VXSIPS™ methodology. According to one 
aspect of the masking technique, the invention provides an 
ordered method for forming a plurality of polymer 

43 sequences by sequential addition of reagents rnm f rt *i* 1T> g the 
step of serially protecting and deprotecting portions of the 
plurality of polymer sequences for addition of other porticos 
of the polymer sequences using a binary synthesis strategy. 
Improved data collection equipment and techniques ore 

30 also provided. According to one embodiment, me instru- 
mentation provides a system for determining affinity of a 
receptor to a ligand comprising: m«mi for applying light to 
a surface of a substrate, the substrate comprising a plurality 
of ligands d predetermined locations, the mrjins for provid- 

33 ing simultaneous fllmnioatioa at a plurality of the predeter- 
mined locaticos; and an array of detectors for d et ecti ng ligjit 
fluoresced at the plurality of predetermined locations. The 
invention further provides fox improved data analysis tech- 
niques including the steps of exposing flucrescently labelled 

60 receptors to a substrate, the substrate comprising a plurality 
of ligands in regions at known locations; at a plurality of 
Hofn collection paints within each of the regions, determin- 
ing an amount of light fluoresced from the data collection 
points; removing the data collection points deviating from a 

65 predetermined statistical distribution; and dete rminin g a 
relative binding affinity of the r eceptor to remaining data 
collection points. 
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Protected amino acid N-carboxy anhydrides for use in B. Binary Synthesis Strategy 

polymer synthesis are also disclosed According to this 1. Example 

aspect, the invention provides a compound having the for- 2. Example 

3. Example 
5 4. Example 

0 5. Example 

a J? 6. Example 

1*^ Q C I into Selection 

XO N , D. Protecting Groups 

s> |f ^ 10 1. Use of Riotoremovable Groups During Solid-Phase 

O o Synthesis of Peptides 

2. Use of Riotoremovable Groups During Solid-Phase 

where R is aside chain of a natural or unnatural amino acid Synthesis of Oligonucleotides 

and X is a pbotoremovable protecting group. 13 E - An)lR0 ^ N-Carboxy Anhydrides Protected with a 

A further understanding of the nature and advantages of Pbotoremovable Group 

the inventions herein may be realized by reference to the ^ Da£a Collection 

remaining portions of the specification and the attached A. Data Collection System 

drawings. B. Data Analysis 

20 v * Other Representative Applications 

BRIEF DESCRIPTION OF THE DRAWINGS a. Oligonucleotide Synthesis 

FIG. 1 schematically illustrates light-directed spatially- L Example 

addressable parallel chemical synthesis ; 71 Conclusion 

FIG. 2 schematically illustrates one example of light- x. DEFINITIONS 

rf i nft ^i*^ pf pt yV synthesis; ^ 

J\ ^ . Certain terms used herein arc intended to have the fol- 

FIG. 3 is a three-duncnaonal representation of a portion ^. ^ 1 d ^ HnnK . 

of the checkerboard array of YGGFL andfPGGFL; iCom^mentnr 

FIG. 4 schematically illustrates an automated system for Refers to the topological compatibility or matching 

synthesizing diverse polymer sequences; 30 together of interscting surfaces of a ligand molecule and its 

FIGS. Sa and Bb illustrate operation of a p r o gr am for receptor. Thus, the receptor and its ligand can be described 

polymer sythesis; as complementary, and furthermore, the contact surface 

FIGS. 60 and 6b are a schematic illustration of a "pure" characteristics are complementary to each other, 

binary nm.«Mng strategy; 2. Epitope: 

FIGS, la and lb arc a schematic flksntion of a gray code 33 ^P**™ of an antigen molecule which is delineated by 

binary masiring strategy; ^ of interaction with the subclass of receptors known 

FIGS. &j and 8£ arc a schematic illustration of a inodified 3* y^^ 3 ' 
gray code binary masking strategy; * A u&md b a molecule mat is recognized by a particular 

FIG. 9a schematically illustrates a masking scheme for a ^ rcce ptor. Examples of ligands that can be investigated by 
four step synthesis; this invention include, but arc not restricted to, agonists and 

FIG. & schematically illustrates synthesis of all 400 antagonists for cell membrane receptees, toxins and venoms, 
peptide dimen; viral epitopes, hormones, hormone receptors, peptides, 

FIG. 10 is a coordinate map for the ten-step binary enzymes, enzyme substrates, cefaclors, drugs (e.g. opiates, 
synthesis; 43 steriods. etc.), lectins, sugars, oligonucleotides, nucleic 

FIG. 11 schematically illustrates a data collection system; oUgoszccharidcs, proteins, and monoclonal antibod- 

ies. 

FIG. 13 is a Wcdr diagram illustrating the architecture of 4 Monomer 
the data collection system; * A of ^ ^ of ^ ^ecules which can be 

FIG. 13 is a flow chart illustrating operation of software » joined together to form a polymer. The set of monomers 
for the data collection/analysis system; and includes but is not restricted to, for example, the set of 

FIG. 14 illustrates a three-dimensional plot of intensity common L- amino acids, the set of D-amino adds, the set of 
versus position for light directed synthesis of a dinucleotide. synthetic amino acids, the set of nucleotides and the set of 

pentoses and hexoses. As used herein, monomers refers to 

DESCRIPTION OF THE PREFERRED „ ^ ^ <rf n baas jet far synthesis of a polymtr. For 

EMBODIMENTS example, dimers of the 20 naturally occurring L-amino 

CONTENTS fomi a basis set of 400 monomers for synthesis of polypep- 

t ru;.-^.. tides. Different basis sets of monomers may be used rt 

l Definitions . ^ . . . *L . 

IL General successive steps in the synthesis of a polymer. Furthermore, 

( 60 each of the sets may include protected members which are 

Deprotecaon and Addition modified after synthesis. 

2 5 - Pcptidc: 

A polymer in which the monomers are alpha amino acids 
B. Antibody recognition and which arc joined together through amide bonds and 

1. Example 65 alternatively referred to as a polypeptide. In the oontext-of 

Itt Synthesis this specification it should be appreciated that the anrico 

A. Reactor System acids may be the L-optical isomer or the D-optical isomer. 
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Peptides are often two or more amino acid monomers long, 
and often more than 20 amino acid monomers long. Stan- 
dard abbreviations for amino acids are used (e.g.. P for 
proline). These abbreviations are included in Strycr. 
Biochemistry, Third Ed.. 1988. which is incorporated herein 
by reference for all purposes. 

6. Radiation: 

Energy which may be selectively applied including 
energy having a wavelength of between 10~ 14 and 1CT 
meters including, for example, electron beam radiation, 
gamma radiation, x-ray radiation, ultraviolet radiation, vis- 
ible tight, infrared radiation, microwave radiation, and radio 
waves. "Irradiation* 1 refers to the application of radiation to 
a surface, 

7. Receptor 

A molecule that has an affinity for a given ligand. Recep- 
tors may-be naturadlyKXCurring or manmade molecules. 
Also, they can be employed in their unaltered state or as 
aggregates with other species. Receptors may be attached, 
covaiently or noacovalently, to a binding member, either 
directly or via a specific binding substance. Examples of 
receptors which can be employed by this invention include, 
bat are not restricted to, antibodies, cell membrane 
receptors, monoclonal antibodies and antisera reactive with 
specific antigenic determinants (such as on viruses, cells or 
other materials), drugs, polynucleotides, nucleic acids, 
peptides, cof actors, lectins, sugars, r^ry saccharides, cells, 
cellular membranes, and organelles. Receptors are some- 
tunes referred to in the art as anti-ligands. As the term 
receptors is used herein^ no difference in meaning is 
intended A "Ligand Receptor Pair" is formed when two 
macromolecules have combined through molecular recog- 
nition to form a complex. Other examples of receptors which 
can be investigated by this invention include but ore not 
restricted to: 

a) Microorqanism receptors: 

Determination of ligands which bind to rece ptors , such 
as specific transport proteins or enzymes essential to 
survival of microorganisms, is useful in developing 
a new class of antibiotics. Of particular value would 
be antibiotics against opportunistic fungi, protozoa, 
and those hnrfm'a resistant to the antibiotics in 
current use. 

b) Enzymes: 

For instance, one type of receptor is the binding site of 
enzymes such as the enzymes responsible for cleav- 
ing neurotransmitters; determination of ligands 
which bind to certain receptors to modulate the 
action of the enzymes which cleave the different 
neurotransmitters is useful in the development of 
drugs which can be used in the treatment of disorders 
of neurotransmission. 

c) Antibodies: 

For instance, the invention may be useful in investi- 
gating the ligand-bioding site on the antibody mol- 
ecule which combines with the epitope of on antigen 
of interest; deteanining a sequence that mimi« an 
antigenic epitope may lead to the-development of 
vaccines of which the immunogen is based on one or 
more of such sequences or lead to the development 
of related diagnostic agents or compounds useful in 
therapeutic treatments such as for auto-immune dis- 
eases (eg., by blocking the binding of the "self* 
antibodies). 

d) Nucleic Acids: 

Sequences of nucleic acids may be synthesized to 
establish DNA or RNA binding sequences. 



44,305 

6 

e) Catalytic Polypeptides: 

Porymers. preferably polypeptides, which are capable 
of promoting a chemical reaction involving the con- 
version of one or more reactants to one or more 

5 products. Such polypeptides generally include a 

binding site specific for at least one reactant or 
reaction intermediate and an active functionality 
proximate to the binding site, which functionality is 
capable of chemically modifying the bound reactanL 

10 Catalytic polypeptides are described in . for example, 

US. Pat. No. 5.215.899, which is incorporated 
herein by reference for all purposes. 

f) Hormone receptors: 

Examples of hormones receptors include, eg., the 
13 receptors for insulin and growth hormone. Determi- 

nation of the ligands which bind with high affinity to 
a r ece p tor is useful in the development of, for 
example, an oral replacement of the daily injections 
which diabetics mast take to relieve the symptoms of 
20 diabetes, and in the other case, a replacement for the 

scarce human growth hormone which can only be 
obtained from cadavers or by recombinant DNA 
technology. Other examples ore the vasoconstrictive 
hormooe re c e ptors ; determination of those ligands 
25 which bind to a receptor may lead to the develop- 

ment of drugs to control blood pressure. 

g) Opiate receptors: 

Drtrrminntion of ligands which bind to the opiate' 
rec ept o rs in the brain is useful in the development of 
30 less-addictive replacements for morphine and related 

drugs. 

8. Substrate: 

A material having a rigid or semi-rigid surface. In many 
embodiments, at least one surface of the substrate will be 

35 substantially flat, although in some embodiments ft may be 
desirable to physically separate synthesis regions for differ- 
ent polymers with, for example, wells, raised regions, etched 
trenches* or the like. According to other embodiments, small 
beads may be provided on the surface which may be released 

40 upon completion of the synthesis. 

9. Protective Group: 

Amaterial which is chemically bound to a monomer unit 
and which may be removed upon selective exposure to an 
activator such as electromagnetic radiation. Examples of 

43 protective groups with utility herein include those compris- 
ing nitropipcronyL pyrenylmethoxy-cartroayL, nitroveratryL 
nitrobenzyl, dimethyl dimethoxy benzyl, 5-bromo-7- 
nitroindolinyl, o- hydroxy- a -methyl cinnamoyl, and 
2-oxyrnetbyieae anthraquiBOce. 

so 10* Predefined Region: 

A predefined region is a localized area on a surface which 
is. was, d is intettdcri to be activated for formation of a 
polymer The predefined region may have any convenient 
shape, e-g., circular, rectangular, elliptical, wedge-shaped, 

33 etc. For the sake of brevity herein, "predefined regions'* are 
sometimes referred to simply as "regions." 
11. Substantially Pure: 

A polymer is considered to be "substantially pure" within 
a predefined region of a substrate when it exhibits charac- 

60 teristics that distinguish it from other predefined regions. 
Typically, purity will be measured in terms of biological 
activity or function as a result of uniform sequence. Such 
characteristics will typically be measured by way of binding 
with a selected ligand or rece ptor . 

63 12. Activator refers to an energy source adapted to render a 
group active and which is directed from a source to a 
predefined location on a substrate. A primary illustration of 
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an activator is light Other examples of activators include ion After deprotectioa. a fat of a sec of building blocks 

bearns, electric fidds. magnetic fields, electroa beams, x-ray, (indicated by "A" in FIG. 1), each beariog a photoiabile 

and the like. protecting group (indicated by *7C) is exposed to the surface 

13. Binary Synthesis Strategy refers to an ordered strategy of the substrate and it reacts with regions that were 
foe parallel synthesis of diverse polymer sequences by j addressed by light in the preceding step. The substrate is 
sciential addition of reagents which may be represented by fo cn illuminated through a second mask 4b % which activates 
a reactant matrix, and a switch matrix, the product of which mother region for reaction with a second protected building 
is a rroiuct matrix. A reactant matrix is a lxn matrix of the bloci ^ ^ of ^ ^ ^ c$c Qiuminations 
hiflding blocks to be adc^d llie elements of me switch ^ mc UCQCC of Tt ^ xs dcfinc mc }MlDgtt ^oducts 
matrix are binary numbers. In preferred embc^tsj ^ ^cblcxiov. resulting in diverse sequences at pre- 

5"^ T5% "JTr"^ Z la *< W ^^ CC ^^ defined locations, as show7with the sequences ACTGind 

illuminate half of a region of interest on the substrate. In „_ . . . . r „ , \. , , ,. 

mc* rreferred embodiments, binary synthesis refers to a BOTH in the Iowa portoo of HG. I. Preferred emboca- 

syntheds strategy which also factors a previous addition mcnls of ™ cn *™ ^ °[ combinatonal 

step. Forexample. a strategy inwhich a switch matrix for a masking strategies to form a large number of compounds in 

masking strategy halves regions that were previously 15 a small number of chemical steps. ^ 

Muminated, flluniinating about half of the previously fllu- A high degree of miniaturization is possible became the 

rni'ntt^ region and protecting the remaining half (while also of compounds is determined largely with regard to 

protecting about half of previously protected regions and spatial addressability of the activator, in one case the dif- 

fllit miWing about half of previously protected regions). It fraction of light Each compound is physically accessible 

will be recognized that binary rounds may be interspersed 20 and its position is precisely known. Hence, the array is 

with non-binary rounds and that only a portion of a substrate spatially-addressable and its interactions with other mol- 

may be subjected to a binary scheme, but will still be ecules can be assessed. 

considered to be a binary masking scheme within the in a particular embodiment shown in FIG. L, the substrate 

definition herein. A binary "masking* strategy is a binary contains amino groups that are blocked with a photoiabile 

synthesis which uses light to remove protective groups from ^ protecting group. Amino acid sequences are made accessible 

materials for addition of other m a tni a h such as amino acids. coupling to a receptor by removal of the photoccotectrve 

In preferred embodiments, selected columns of the switch groups 

matrix are «ranged k Oder of increaskg binary numbers in Wn^ a polymer sequence to be synthesized is. for 

fcc columns of the switch matnx. map\t. a polypeptide, amino group* at the ends of linkers ' 

14. Unto refento a molecule or group of molecules x to 7^ wbstrat£ m ^ 

attached to a substrate and spacing a synthesized polymer _ , . , An;Ar \ . . . k . 

fran the .obsntc for «po2&.?to « reccpS tryloxycrtonyl (NVOQ a photcrcmov.ble protecting 

^ group. The inker molecules may be. for example, aryi 

EL General acetylene, ethylene glycol oligomers ccctaining from 2-10 

The present invention provides synthetic strategies and monomers, diamines, (hands, amino adds, or combinations 

devices for the creation of large scale chemical diversity, li thereof. Photodcprotection is effected by illumination of the 

Solid-phase chemistry, photoiabile protecting groups, and substrate through, for example, a mask wherein the pattern 

photolithography are brought together to achieve light- has transparent regions with dimensions of, for example, 

directed spatially-addressable parallel chemical synthesis in less than 1 an 2 , Iff" 1 cm 3 , 1CT 2 an 2 . 10~ 3 an 2 , 1(T* an 2 , 

preferred embodiments. 1(T 3 an 2 , 10" 6 an 2 , 1(T 7 an 2 , KT 4 an 5 , or 1CT 10 an 2 , to 

The invention is described herein for purposes of Oliis- c a preferred embodiment, the regions are between about 
tration primarily with regard to the preparation of peptides 10x10 urn and 500x500 urn. According to some 
and nucleotides, but could readily be applied in the prepa- embodiments, the masks are arranged to produce a check- 
ration of other polymers. Such polymers include, for erboard array of polymers, although any one of a variety of 
example, both linear and cyclic polymers of nucleic acids, geometric configurations may be ntili7M 
poty saccharides, phospholipids, and peptides having timer 4i 1. Example 

a-, or a>amino acids, hetcrc^rymers in which a known In one example of the invention, free amino groups were 

drug is covalentry bound to any of the above, pofyurethanes, fluorescentry labelled by treatment of the entire substrate 

polyesters, polycarbonates, polyureas, polyamides. surface with fluorescein isothiocynate (FTTC) after photo- 

pcJye&yieneimines. polyarylene sulfides, polysiloxanes. deprotection. Glass microscope slides were cleaned , ami- 

poryimides, polyacetates. or other polymers which will be so nated by treatment with 0.1% ainkocropyltriemoxysilane in 

apparent upon review of mis disclosure. It will be recog- 95% ethanol. and incubated at 110° C for 20 min. The 

mT*H further, that illustrations herein are primarily with aminated surface of the slide was then exposed to a 30 mM 

reference to C- to N-tenmnal synthesis, but the invention solution of the N-hydroxysuaanimide ester of NVOC- 

could readily be applied to K* to C-terminal synthesis GABA (nitrovcraflylaxycarbonyl-x-amino butyric acid) in 

without departing from the scope of the mvention. u DMF. The NVOC protecting group was photolyueally 

A. Deprotection and Addition removed by imaging the 365 urn output from a Hg arc lamp 

The present invention uses a m*<v*H light source or other through a chrome on glass 100 urn checkerboard mask onto 

activator to direct the simultaneous synthesis of many dif- the substrate for 20 min at a power density of 12 roW/cm 2 . 

ferent chemical compounds. FIG. 1 is a flow chart fllnstrat- The exposed surface was then treated with 1 mM FTTC in 

Log the process of forming chemical compounds according 60 DMF. The substrate surface was scanned in an cpi- 

to one embodiment of the invention. Synthesis occurs on a fluorescence microscope (Zeiss Axioskop 20) using 488 nm 

solid support 1 A pattern of iUumination through a mask 4c excitation from an argon ion laser (Spectra-Physics model 

using a light source 6 determines which regions of the 2025). The fluorescence emission above 520 nm was 

support are activated for chemical coupling. In one preferred detected by a cooled photomuluplier (Hamamatsu 943-02) 
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ence of a high-contrast fluorescent checkerboard pattern of 
100x100 um elements revealed that free amino groups were 
generated in specific regions by spanallylocalized photo- 
deprotection. 
2. EXAMPLE 

FIG. 2 is a flow chart illustrating another example of the 
invention- Carboxy-activated NVOC-leocine was allowed to 
react with -an aminated substrate. The carboxy activated 
HOBT ester of leucine and other amino adds used in this 
synthesis was formed by mixing 0.25 mmol of the NVOC 
amino protected amino acid with 37 mg HOBT 
(l-hydroxybenzotriazole). Ill mg BOP (bcnzocriazolyl-n- 
oxy-tris (dimethylamino)-phosphoniumhexa- 
fluorophosphate) and 86 ul DIEA(dusorjcpylemylamine) in 
2.5 ml DME The NVOC protecting group was removed by 
uniform illumination. Carboxy-activated NVOC- 
phenylalanine was coupled to the exposed amino groups for 
2 hours at room temperature, and then washed with DMF 
and methylene chloride. Two unmasked cycles of photo- 
deprotection and coupling with carboxy-activated NVOC- 
glycine were carried out. The surface was then jBnrm'natrd 
through a chrome on glass 50 ul checkerboard pattern mask. 
CaTboxy-activated Na-tBOC-O-tBntyl-L-tyrosine was then 
added. The entire surface was uniformly illuminated to 
photolyze the remaining NVOC groups. Finally, carboxy- 
activated NVOC-L-proline was added, the NVOC group 
was removed by illumination, and the t-BOC and t-butyl 
protecting groups were removed with TFA. After removal of 
the protecting groups, the surface consisted of a 50 um 
checkerboard array of Tyr-Gly-Gly-Pbe -Leu (YGGFL) 
(Seq. ID No:l) and Pro-dy-Gly-Phe-Leu (PGGFLXSeq. ID 
No:2). 

B. Antibody Recognition 

In one preferred embodiment the substrate is used to 
determine which of a plurality of amino acid sequences is 
recognized by an antibody of interest 

1. EXAMPLE 

In one example, the array of pe m ^peptides in the example 
illustrated in FIG. 2 was probed with a mouse monoclonal 
antibody directed against p-endarphin. This antibody (called 
3E7) is known to bind YGGFL and YGGFM (Seq. ID 
No:2l) with nanomolar affinity and is discussed in Meo et 
aL, Prvc Natl Acad. Set. USA (1983) 80:4084, which is 
incorporated by reference herein far all purposes. This 
antibody requires the amino terminal tyrosine far high 
affinity binding. The array of peptides farmed as described 
in FIG. 2 was incubated with a 2 ug/ml mouse monoclonal 
antibody (3E7) known to recognize YGGFL. 3E7 does not 
bind PGGFL. A second incubation with fluorescein a trd goat 
anti-mouse antibody labeled the regions that bound 3E7. The 
surface was scanned with an epi-fluarescence microscope. 
The results showed alternating bright and dark 50 um 
squares indicating that YGGFL and PGGFL were synthe- 
sized in geometric array determined by the mask. A high 
contrast (>12:1 intensity ratio) fluorescence checkerboard 
image shows that (a) YGGFL and PGGFL were synthesized 
in alternate 50 um squares, (b) YGGFL attached to the 
surface is accessible far binding to antibody 3E7. and (c) 
antibody 3E7 does not bind to PGGFL. 

A three-dimensional representation of the fluorescence 
intensity data in a portion of the cheddboard is shown in FIG. 
3. This figure shows that the border between synthesis sites 
is sharp. The height of each spike in mis display is linearly 
proportional to the integrated fluorescence intensity in a 2.5 
um pixel. The transition between PGGFL and YGGFL 
occurs within two spikes (5 um). There is little variation in 
the fluorescence intensity of different YGGFL squares. The 
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mean intensity of sixteen YGGFL synthesis sites was 2.03 x 
10 s counts and the standard deviation was 9.6x1 0 3 counts, 

UL Synthesis 

A. Reactor System 

FIG. 4 schematically illustrates a device used to synthe- 
size diverse polymer sequences on a substrate. The 
substrate, the area of synthesis, and the area for synthesis of 
each individual polymer could be of any size or shape. For 
example, squares, ellipsoids, rectangles, triangles, circles, or 
i portions thereof, along with irregular geometric shapes may 
be utilized. Duplicate synthesis areas may also be applied to 
a single substrate for purposes of redundancy. 

In one embodiment, the predefined regions on the sub- 
strate will have a surface area of between about 1 cm 2 and 
15 10~ lo cm 2 . In some embodiments the regions have areas of 
less than about 10" 1 cm 2 . 10" 2 cm 2 . KTW. 1(T* cm 2 , 10 -3 
cm 2 . 1(T* cm 2 . ICTW, 1CT 0 cm 2 , 1CT 9 cm 2 or 1CT 10 cm 2 . 
In a preferred ernr>odiment. the regions are between about 
10x10 um- 

20 in some embodiments a single substrate supports more 
than about 10 different monomer sequences and perferably 
more than about 100 different monomer sequences, although 
in some embodiments more than about 10 3 , 10*, 10 s , 10 6 , 
10 7 , or 10° different sequences are provided on a substrate. 

25 Of course, within a region of the substrate in which a 
monomer sequence is synthesized, it is preferred that the 
monomer sequence be substantially pure. In some 
embodiments, regions of the substrate contain polymer 
sequences which are at least about 1%, 5%, 10%, 15%. 20%. 

30 259b, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 
95%, 96%, 97%, 98%. or 99% pure. The device includes an 
automated peptide synthesizer 40L The automated peptide 
synthesizer is a device which flows selected reagents 
through a flow cell 402 under the direction of a computer 

35 404. In a preferred ernbodiment the synthesizer is an ABI 
Peptide Synthesizer, model no. 43 1A- The computer may be 
selected from a wide variety of computers ar discrete logic 
including far, example, an IBM FC-XT or similar computer 
linked with appropriate internal control systems in the 

40 peptide synthesizer. The PC is provided with «ignaic from 
the board computer indicative of, for example, the end of a 
coupling cycle. 

Substrate 4C6 is mounted on the flow cell, forming a 
cavity between the substrate and the flow ceU. Selected 

45 reagents flow through this cavity from the peptide synthe- 
sizer at selected times, forming an laray of peptides on the 
face of the substrate in the cavity. Mounted above the 
substrate, and preferabry in contact with the substrate is a 
mask 408. Mask 408 is transparent in selected regions to a 

50 selected wavelength of light and is opaque in other regions 
to the selected wavelength of light The mask is illuminated 
with a light source 410 such as a LTV light source. In one 
specific emtodiment the light source 410 is a model no. 
82420 made by OrieL The mask is held and translated by an 

55 x-y-z translation stage 412 such as an x-y translation stage 
made by Newport Corp. The computer coordinates action of 
the pepti de synthesizer, x-y translation stage, and light 
source. Of course, the invention may be used in some 
embodiments with translation of the substrate instead of the 

60 mask. 

In operation, the substrate is mounted on the reactor 
cavity. The slide, with its surface protected by a suitable 
photo removable protective group, is exposed to tight at 
selected locations by positioning the mask and iUuminaring 
63 the light source far a desired period of time (such as, for 
example, 1 sec to 60 min in the case of peptide synthesis). 
A selected peptide or other monomer/polymer is pumped 



5.744,305 

11 12 

through the recctor cavity by the peptide synthesizer far in a synthesis region, A substrate formed with mixtures of 

landing at the selected locations on the substrate. After a compounds in various synthesis regions may be used to 

selected reaction time (such as about 1 sec to 300 min in the perform, for example, an initial screening of a large number 

case of peptide reactions) of the monomer is washed from °f compounds, after which a smaller number of corcpoaods 

the system, the mask is a pprop r iately repositioned or 5 ^ regions which exhibit high binding affinity are further 

replaced and the cycle is repealed In most embodiments of screened S imilar results may be obtained by ooly partially 

the invention, reactions may be conducted at or near ambient photylizing a region, adding a first monomer, re-photylizing 

temperature. the same regioa. and exposing the region to a second 

FIGS. 5a and 5b are flow charts of the software used in m0Q0E£r - 

operation of the reactor system. At step 502 the peptide ic B ' T Binary Sviltiicsii Strategy 

synthesis software is initialized At step 504 the system , h a Ugbt-directed chemical synthesis, the products 

calibrates positioners on the x-y translation stage and begins fc ™^ Jc P cad 0D *f " d of masks, and on the 

a main lo^At step 50* the system cetermL whiT* ^^rZl^ ' !? ° f 2°** U 

any. of thefun^ticTteys on the computer have been p^s^ £5 , $ * Cn ?' 

w4i u , ^ t u^uyi^^ embodiments of the invention herein a binary synthesis 

If Fl has been pressed, the system prompts the user for input is Mtm ^, t%. u: J 

, n iL^? 3 hu«"^ « uaa ^Jr\r strategy-is utilized The binary synthesis strategy is fllus- 

C3 a desired synthesis process. If the user enters F2, the ^^J\ • . ^ . . . 

. Vr» *t * ^ trated herein primarily with regard to a mas king strategy, 

system allows a user to edit a file for a synthesis process at „ n k. . . a 

' ffflA T - . . 7 , , p although it will be applicable to other polymer synthesis 

step If the user enten F3 the system loads a process ^*JT~ . . . ^ . ^ ,v_ 

221 „ » . ^ _ w#k / ^7 ' . F strategies such as the pin strategy, and the like. 

from a disk at step 512. If the user enters ¥4 the system saves t« ; . • f „ . 

. . a „!/tlT In a binary synthesis strategy, the substrate is irradiated 

an entered or edited process to disk at step 514. If the user 20 t^***— ' u " ^ <ia ^~ 

rx*> y ■ j » i / TT ^ttnanntmask. «r^)^ to a first biding block, uradiated 

selection of » starts fcei nain pomon of the programme.. ^ a^y^ J^^ted badiM&Hl ^^L^ to a 
^"5^? acccadmg to fte selected process.If fte Wock „ tohCTdnQSa ^c.^ 

^ ?' IT" ^1,^ l0CEt ™ rf * e tokened bin«y masking scheme, thimasks for each 

Resized pepades. while pressing F10 returns the user to a cyde aCirJS of half rfa^rf interest on fte 

e sk openittng system, substrate and protection cf the remaining half of the reeioa 

FIG. 3i fflnarattj the synthesis step 318 in greater detail, of intaet By -halT it is intended herein not to nSan 

The maon lo^) cf the program is started in wind, the synem region of interest but instead a krge 

to moves the rn^ton^pos^c at 5^526 0^ £^ 0 Uf the region such as frcMab^ 30 S ' 

Je mau i loop of the pogram necessary chemicals flow 30 { of ^ ^ of ft ^ te ^ 

through the r^onodl under the dtrecuon of m= on-board scheme need not tale a binary form; 

tneti waits for an exposure command and upon receipl of the between binary cycles 

« C^nZ d n „T^l^ SUb r ie for a teir ^ ^ btarferredeinb^ntsrftoehinarymas]^ 
^j^' w«fJ erf ensure complete is » a p Ven cy de muminjJtes oq1v abom half ofZredon which 
/^S^^ dCt 7^. rf ^, pro0 ^ b ^ flhSta^ !■ « P^vicus cyde. while pSSnTme 
^S^^^tfr^^ 1 ^ rernaimng half of the Mnntr^portio, frorTthe p^il 
mpt at step 335 and. thereafter, exits the perform synteesu ^ Conversely, in such FeferxMernb^nu.Tgiven 

^7*"' „«. „ . , - , 4 . cyde fllunrinates half of the region which was protected in 

d*iSTST^ A 5^ 40 « he P™*> *e region whkh was 

^SJ^L a £! ^taT^^/ protected in a previous cycle. 

(Cc ^fL 1990 - Tcchnok^es RV., aU nghts jy^^^ is re£dil ukstrated and 

reserved)^ The pogrm u wntten in Turbo C++ (Bcdand ^ ^ ^ 3^™^^ 

^IL^^S^ - T 2^ ^ <l«erMnatio B ofwhethatoaddagive n mlrr^ 

M^SSr^ ^ "2^ 45 Foce«. Therefore, each product element P ; is given by** 
produced by Newport Corporation. It will be recogmzed that ^ of two vect( ^ a vecto, 

a lage variety of programming languages could be utilized r rVn rm ..j „ u _ , ^T^ . T 
wM.n.« *iu J— *rST • ^ T^T^ OIAJ.CJ) . and a binary vector o, Inspection of the 

without depmmg from the oope of the invention heron. k ^ le ^ ow ^ a Wsto synthesis 

Cartain caU, are made to a s*ph>« prc^ram in "r^gran, Sows that in onelTstep synthesis aH1.0.10) VS 
T ^..^i^ Sy,Km5 (Wil,0D ' M O.U. 0^10.1.1.0], and7=ElJ. w^ a 1 indtotes 

A1; Ir^J^TT ». . Jt ^ , ^ becomes possible to build a "switch matrix" S from the 

relies upon relariYe ali^nmeot of the various components, as 
which is normally acceptable since x-y-z translation stages 
ere capable of sufficient accuracy for the purposes herein. In 
alternative embodiments, alignment maris on the substrate 
ere coupled to a CCD device for appropriate Alt gfm^nr 

According to some embodiments, pure reagents are not <o o 1 o 

edded at each step, or complete photolysis of the protective 

groups is not provided at each step. According to these The outcome P of a synthesis is simply P>=CS, the product 
embodiments, multiple products will be formed in each of the chemical recctant matrix and the switch matrix, 
synthesis site, For example, if (he monomers A and B are The switch matrix for an n-cycle synthesis yielding k 
mixed during a synthesis step. A and B will bind to depro- 65 products has 0 rows and k columns. An important attribute 
tetted regions, roughly in proportion to their concentration of S is that each row specifies a mask. A twcnlimensional 
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"0011 
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directly from the jth row of S by placing the elements s >( , . locations on the substrate are amply defined bv the columns 
. . ijt into, for example, a square format The particular of the switch matrix (the first column indicatine for 

^T^ 0WprDV ^ S 3 T* e J m * L aW,0U * h ^ «"mpk that the product ABCD will be present in the upper 
ear or other arrangements may be uakzed. j^Ld locaJ i of the substrate). Furthermore, if 5£ 

tii ^ /u ^ 3 selected desired products arc to be-made . the mask sequence 

U '* can be derived by extracting the columns with the desired 

^ ia / ; sequences. For example, to form the product set ABCD. 

* *n *a r» m}= ^ ABD. AG). AD, BCD. BD, CD. and D, the m ^fr « 

formed by use of a switch matrix wiih ociy the 1st 3rd, 5th, 
10 7th. 9th. 11th, 13th, and 15th columns arranged into the 
switch matrix: 



*H *C *C 



1 1 1 1 0 0 0 0 
1 1 0 0 1 1 0 0 
0 1O10 10 



Of course, compounds formed in a light-activated syn- 
thesis can be positioned in any defined geometric array. A 
square or rectangular matrix is convenient but not required 
The rows of me swit± matrix nay be t^^ 
convenient array as long as equivalent transformations arc 1 
used for each row. i l l i l l i i 

Far example, the masts in the four-step synthesis below 

are then denoted by: To form all of the polymers of length 4, the reactant niatrix 

[ABCD ABCD ABCDABCDJis used. The switch matrix win 

*i- 1 « 3 =° V- 0 1 before^ from a nunixc^ 

0 0 1 1 1 0 0 1 arranged in columns. The columns hiving focr monomers 

are than selected and arranged into a switch matrix, 

where 1 denotes illumination (activation) and 0 denotes no Therefore, it is seen that the binary switch matrix in general 

fflumination. will provide a representation cf til the products which can 

The matrix representation is used to generate a desired set be made from an n-step synthesis, from which the desired 

of products and product maps in preferred embodiments. products are then extracted. 

Each compound is defined by the product of the chemical The rows of the binary switch ^mr wflj m preferred 

vector and a particular switch vector. Therefore, for each embodiments, have the property that each masttn* steo 

synthesis address, one simply saves the switch vector, murninates half of the synthesis area. Each masking step 

assembles all of them mto a swhch matrix, and extracts each 30 also factors the preceding masting step; that iThtf cf me 

of the rows to form the masks regioQ ^ was Ruminated to mc ^ceding step is again 

In some cases, particular product distributions or a maxi- muminated whereas the other half is not Half of^e relon 

ml number of products are desired Fee example, for that was unilluminated in the preceding step is also 

C= AJ.CD] any switch vector (o ; ) consists of four bits. muminated whereas the other half is noT^us, masking is 

S^.^ I VCCt£ H! cw ? t u Hcnc ^ a 103x111111111 of 16 recursive. T*c masks are constructed as described 

™r ^ r ™ 5^ 1 / ° f Piously, by extracting the dements of each row and 

™w J^S 16 ? lUBm VCCt °" ** P lada 8 «bem in a square array. For example, the four masks 

ass^ledml6!ctfaentways^ in S fee a fw-step synthesis are- 
order of the column vectors defines the ™<Wn g patterns, 

and therefore, the spatial ordering of poctarts but not their 40 1 l l l l l l i 

malcenp. One adering of these columns gives the following l i t l o o o o 

switch matrix (in which "null" (8) additions are included in m,c 0 0 0 0 "* 

brackets for the sake of completeness, although such null 
additions are elsewhere ignored herein): 



liii 

0000 oooo 

V 110 0 10 10 

On 110 0 10 10 

i 111111100000000 a m3 * i 1 0 0 1 0 

[OOOOOOOOllllliiij f 1100 1010 
1 111000011110000 B so 



01 



1 



[0 o o o i i i i o o o o i i i ij + ^te recursive factoring of masks allows the productsofa 

,00110011001100 c |^^cted synthesis to be represented by a polynomial 

(Some light activated syntheses can only be denoted by 
irreducible, Lt, prime polynomials.) For example, the poly- 
nomial comspooding to the top synthesis of FIG. 9a 



(0 01100110011001 1] 

i oioioioioioioio 



1° loioioioioioioi] * (discussed below) is 
The columns of S according to this aspect of the invention Na+bxc +D) 

Ztl rf *t DUmbCn "* °" ™ C A ™ ction P 0 ** 0 ^ °*y * «P^ocd as though it were 

^ «^ <^ this ^ary synthesis are ABCD. ABC, «o an algebraic expression, provided that the order ^joining of 

ABD. AB. ACD. AC, AD, A. BCD, BC BD, B. CD, C D. reactants X, and X, is rresoved fX X SXJn iT Z 

and 6 (null). Also note that eact of the switch vectors from products are^^^ 

the four-step synthesis masks above (and hence the synthesis BC+BD. The polynomial explicitly specifies the reactants 
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as area is divided equally amongst the elements of a round number of chemical steps (a). Far four reactants. 16 com- 

(cg^ A is directed to one-half of the area and B to the other pounds are formed in the binary synthesis, whereas only 4 

half). Hence, the masts for a round (e.g., the masks m M and are made when each round has two reactants. A 10-step 

mB) are orthogonal and farm an orthonormal set The b'wry synthesis yields 1.024 compounds, and a 20-step 
polynomial notation also signifies that each element in a 5 syndesis yields 1.048J76. Second, products formed in a 

round is to be joined to each element of the next round (e.g.. bim y synthesis » a complete nested set with lengths 

A with C. A with D. B with C and B with D). This is ranging from 0 to n. All compounds that can be formed by 

accomplished by having nv overlap m, aa m s equally, and one or more units from the longest product (the 

likewise for m,, Because C and Dare elements d a round ^ « P?*° L C °°*? d me ^ Kt me 

DV and nu are orthogonal to each other and form an to ^ x<s ^ woul f d te f ° n ° ed ^ ""PS* 

Ksmafset. using any other set of masks (e.g.. AC, AD, BC. and BD 

ormonornui formed in the synthesis shown in FIG. 6 are present in the 

^J?^ ^T^ 00 ° f set of 16 formed by the binary synthesis). In some cases, 

described above, in which 16 products are made from 4 however me adumble spatial resolution 

reocttnts » 15 may not suffice to accommodate all the compounds formed. 

PifA+flYB+si <c+«i fTuai U ^ ncre * 0rc ' practical limitations may require one to select a 

p«( «xw«; (<- particular subset of the possible switch vectors far a given 

which gives ABCD. ABC. ABD. AB, ACD, AC, AD. A. ^ 

BCD. BC BD, B. CD, C, D. and 0 when expanded (with the . „r^™ ^ . .... ,. ■ 
rule mat 9X-X and X9=X. and rtmembaiVtb* joining is „ FIG. « illustrates a synthesis wrt biury masMng scheme 
ordered). In a binary synthesis, each round contains one 20 The binary masking scheme povjoes the gre^ number of 
recctant and one nulj 1 (denoted by 9). Half of the synthesis ** 4 &™ ^ ^ ^ A ^?*? 

oea receives me reactant and the kha half receives nothing. "J*™!* 8 ^OTTflf t *f 

Each mask overlaps every other mask equally. substratt The subsfrate is then exposed to the building Week 

i . . . . . A. which binds a the illuminated regions. 

Binary rounds mud non-binary rounds can be mtenpersed „ %_ A ^ . „ „ . u . . 

as desired, as in Thereafter, the mask m2 allows fllumination of half of the 

previously illnmiiiated region, while protecting half of the 
PKA+4XBXC+i>+«x&+f+G) previously illnminntrd region. The building block B is then 

added, which bind* at the Bluminafcd regions from m£ 
The 18 compounds formed are ABCE ABCF. ABCG. The process continues with masks m3, m4, and mS, 
ABDE ABDR ABDG, ABE ABF, ABG* BCE, BGF t BCG. 3fl resulting in the prodoct may shown in the bottom portion of 
BDE BDE BDG. BE, BF, and BG. The switch macrix S for the figure. The process generates 32 (2 raised to the power 
this 7-step synthesis is of the number of monomers) sequences with 5 (the number 

of monomers) cycles, 
liitiiiiicoooooooo 1EXAMPLE 

l i i i l l x 1 t i l l l 1 i l l i 35 FIG. 7 illustrates another preferred binary masking 
liiooooooi lioooooo scheme which is referred to herein as the gray code nuidring 
5*0 ooii looooooii tooo scheme. According to this embodiment, the masksmltomS 
looiooiooiooiooioo m selected such that a side of any given synthesis region is 
010010010010010010 defined by the edge of only one mask. The site at which the 
001001001001001001 40 s^ence » formed, for example, has its right edge 

defined by m5 and its left side formed by mask m4 (and no 
other mask is aligned on the sides of this site). Accordingly, 
Hie round denoted by (B) places B in all products because pdbkms created by misalignment, diffusion of light under 
the reaction area was uniformly activated (the maik for B (he mask and the like will be minimis 
consisted entirely of l's). 43 3. EXAMPLE 

Hie number of compounds k formed in a synthesis FIG. 8 illustrates another binary masking scheme, 
consisting of r rounds, in which the ith round has b, chemical /venting to this scheme, referred to herein as a modified 
reactants and z< mills, is gray code masking scheme, the number of masks needed is 

.„ minimiyrd, For example, the mask m2 could be the same 

30 mask as ml and simply trzaslated laterally. Similarly, the 
and the number of chemical steps n is mask ro4 could be the same as mask m3 and simply 

translated kterally, 
4. EXAMPLE 

_ . . . _^ . L L JA . A four-step synthesis is shown in FIG, flc The reactants 

S^^a^^^S?!* am^™^ 55 «*eo^edset{A^.CJ)}.bmefo«cydc.mu a n^ 

aU rounds is a , compored with T for a binary synthesu. me upper half of the synthesis area. 

For n-20 and ^625 con^unds (aU tetnmeros) would be Building block A is then added to give the disribution 601 

formed, compared with 1.04Jctf ^"mpounds in a binary mumiA ^ oa ^ ^ ^ ( Xh cctivates the lower 

synmesu wim the sane number or chemical steps. half). Mowed by addition of B yields the next intermediate 

Itshould also be nc4ed that rounds in a polynomial can be m <^ Cbaddcdnf 4 illuminatioo my 

fteslft ** m (which activates the left half) giving the distribution £04, 

(A+o+exc+4)(i>+4) and D after illumination through m* (which activates the 
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ring amino acids as shown in FIG. 9b. The synthesis consists of the controls needed to assess the fidelity of a synthesis, 

cf two rounds, with 20 photolysis and chemical coupling For example, the fluorescence signal from a synthesis area 

cycles per round. In the first cycle of round 1. mask 1 nominally containing a tetrapeptide ABCD could come from 

activates Vaoth of the substrate for coupling with the first of a tripeptide deletion impurity such as A CD. Such an artifact 

20 amino acids. Nineteen subsequent fllumination/coupling 5 would be ruled out by the finding that tbe fluorescence 

cycles in round 1 yield a substrate consisting of 20 rectan- intensity of the ACD-site is less than that of the ABCD site, 

gular stripes each bearing a distinct member of the 20 amino The fifteen most highly labelled peptides in the array 

acids. The masks of round 2 arc perpendicular to round 1 obtained with the synthesis of 1.024 peptides described 

masks and therefore a single ill uminati on/coupling cycle in above, were YGAFLS (SEQ. H> No:5). YGAFS (SEQ. ED 
round 2 yields 20 dipeptides. The 20 Ulumination/coupUng 10 No:6). YGAFL (SEQ. ID No:7), YGGFLS (SEQ. CD No:8). 

cycles of round 2 complete the synthesis of the 400 dipep- YGAF (SEQ. ID No:8), YGALS (SEQ. ID No:9). YGGFS 

tides. (SEQ. ID No: 10). YGAL (SEQ. ID No:l 1). YGAFLF (SEQ. 

6. EXAMPLE ID No:12), YGAF (SEQ. ID No: 13). YGAFF (SEQ. ID 

The power of the binary masking strategy can be appre- No:14) ? YGGLS (SEQ. ID No:15). YGGFL (SEQ. ID 

dated by the outcome of a 10-step synthesis that produced u No:16), SEQ. ID No:17), and YGAFLSF (SEQ. I fifteen 

1.024 peptides. The polynomial expression for this 10-step begin with YG. which agrees with previous work showing 

binary synthesis was: that an omino-terminnl tyrosine is a key d^ezminant of 

binding. Residue 3 of this set is either A ox G. and residue 

(MXY^XA^XCM^XMXWXWXM) 4 is either F or L. The «d«ioa of S and T fron^e* 

Each peptide occupied a 400x400 um square. A 32x32 20 positions is clear cut The finding that the preferred sequence 

peptide array ( 1.024 peptides, including the null peptide and is YG (A/G) (F/L) fits nicely with the outcome of a study in 

10 peptides of 1=1. and a limited number of duplicates) was which a very large library of peptides on phage generated by 

dearly evident in a fluorescence scan following side group recombinant DNA methods was screened for binding to 

deprotection and treatment with tbe antibody 3E7 and fluo- antibody 3E7 (see Cwida et aL, Proc. NaiL Acad. Set. USA. 

resonated antibody. Each synthesis sire was a 400x400 um 23 (1990) 87.-6378, incorporated herein by reference). Addi- 

square. tional binary syntheses based on leads from peptides on 

The scan showed a range of fluorescence intensities, from phage experiments show that YGAFMQ (SEQ. ID No: 1 8), 

a background value of 3 300 counts to 22,400 counts in the YGAFM (SEQ. ID No: 19), and YGAPQ (SEQ. ID No:20) 

brightest square (x=20. y=9). Only 15 compounds exhibited give stronger fluorescence signals than does YGGFM, the 

an intensity greater than 12300 counts. The median value of 30 immunogen used to obtain antibody 3E7. 

the array was 4.800 counts. Variations on the above masking strategy win be valuable 

The identity of each peptide in the amy could be deter- in certain circumstances. For example, if a "kerner 

mined from its x and y coordinates (each range from 0 to 3 1) sequence of interest consists of PQR separated from XYZ 

and the map of FIG. 10. The chemical units at positions 2, and that the aim is to synthesize peptides in which these 

5. 6. 9. and 10 are specified by the y coordinate and those at 35 units are separated by a variable number of different 

positions 1* 3, 4. 7. 8 by the x coordinate. All but one of the residues, men the kernel can be placed in each peptide by 

peptides was shorter than 10 residues. Far example, the using a mask that has l*s everywhere. The polynomial 

peptide at x=12 and y=3 is YGAGF (SEQ. ID No 3) representation of a suitable synthesis is: 
(positions 1, 6, 8, 9, and 10 are nulls). YGAFLS (SEQ. ID 

No:4), the brightest element of the array, is at x=20 and y=9. 40 (PXQXRXA^XMXC^XMXXKYXZ) 

It is often desirable to deduce a binding affinity of n given Sixteen peptides will be formed, ranging in length from the 

peptide from the measured fluorescence intensity. 6-mer PQRXYZ to the 10-mer PQRABCDXYZ. 

Conceptually, the simplest case is one in which a single Several other ™«Hn fl strategies will also find value in 

peptide binds to a univalent antibody molecule. The fluo- selected circumstances. By using a particular m^y more 

rescencc scan is carried out after the slide is washed with 43 than once, two or more reactants will appear in the same set 

buffer for a defined time. The order of fluorescence in ten- of products. Far example, suppose that the mnrir for an 

sides is then a measure primarily of the relative dissociation g-step synthesis is 
rates of the antibody -peptide complexes. If the on-rate 

constants are the same (e.g.* if they are dmHision-coatroUed), =„ 

the order of fluorescence intensities will correspond to the 50 A nnoooo 

order of binding affinities. However, the situation is some- B 00001111 

times more complex because a bivalent primary antibody £ oonoou 

and a bivalent secondary antibody are used. The density of E 10101010 

peptides in a synthesis area corresponded to a mean sepa- F 01010101 

radon of -7 nm. which would allow multivalent antibody- 33 ° 11110000 

peptide interactions. Hence, fluorescence intensities H coooiiu 
obtained according to the method herein will often be a 

qualitative indicator of binding affinity. The products are ACEG. ACFG, ADEG. ADFG, BCEH. 

Another important consideration is the fidelity of synthe- BCFH, BDEH. and BDFH. A and G always appear together 

«is. Deletions are produced by incomplete photodeprotection 60 because their additions were directed by the same mask, and 

or incomplete coupling. The coupling yield per cycle in likewise for B and H. 

these experiments is typically between 85% and 95%. C Linker Selection 

Implementing the switch matrix by masking is imperfect According to prefer red embodiments tbe linker molecules 

because of light diffraction* internal reflection, and scatter- used as an intermediary between the synthesized polymers 

ing. Consequently, stowaways (chemical units that should 63 and the substrate are srlrrrrd for optimum length and/or 

not be on board) arise by unintended iUuznination of regions type for improved binding interaction with a receptor, 

that should be dark. A binary synthesis array contains many According to this aspect of the invention diverse linkers of 
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varying length and/or type art synthesized for subsequent carboxyl group of an Amino add. and the nature of the 

attachment of a ligand. Through variations in the length and chemical synthesis will dictate which reactive group will 

type of linker, it becomes possible to optimize the binding require a protecting group. Analogously, attachment of a 

interaction between an immobilized ligand and its receptor protecting group to the 5'-bydroxyl group of a nucleoside 

The degree of binding between a ligand (peptide. 3 during synthesis using for example, pfaospkae-triester cou- 

inhibitcr. hapten, drug, etc) and its receptor (enzyme. P^S chem^. F^nts 5*-hydroxyi of oce nudeosidc 

antibody, etc) when one of the partners is immobilized on ^ ™«ing * c 3 -activated pbosphatc-triester of 

another. 



to a substrate will in some embodiments depend on the 



accessibility of the receptor in solution to the immobilized Rf8»tas of the specific use, protecting groups arc 

r™ T tv _ " " . in employed to protect a moiety on a molecule from reacting 

ligand. tter^^ io ^ ^ehagat Protecting groups of the present invert 

and/or type of kntei molecule employed to jmmohihze one ^ ^ ^ fd * wing ^^e^. ±cy ^ wcni sdcctcd 

cf the partners. Preferred embodiments of the invention rcagco£s from modifying the group to which they are 

therefore employ the ULSIPS™ technology described attached; they are stable (that is, they remain attached to the 

herein to generate an array of, preferably, inactive or inert molecule) to the synthesis reaction conditions; they are 

linkers of varying length and/or type, using photochemical 15 removable under conditions that do not adversely affect the 

protecting groups to sdectivdy expose different regions cf remaining structure; and once removed, do not react nppre- 

the substrate and. to build upon chernically-fictive groups. ciably with the surface or surface-bound oligomer. The 

In the simplest embodiment of this concept, the same unit selection of a suitable protecting group will depend, of 

is tttached to the substrate in varying multiples or lengths in course, on the chemical nature of the monomer unit and 

known locations on the substrate via VLSIPS™ techniques 20 oligomer, as well as the specific reagents they ere to protect 

to geneme an array of polymers of varying length. A single against 

ligand (peptide, drug, hapten, etc) is attached to each of in a preferred embodiment, the protecting groups are 

them, and an assay is performed with the binding site to photoccdvatable. The properties and uses of photareactive 

evaluate the degree of binding with a receptor that is known protecting compounds have been reviewed. See, McCray et 

to bind to the ligand. In cases where the linker length 25 ^ ^ fle* cf Biophyi, and Biopkys. Chan. (1989) 

impects the ability of the receptor to bind to the ligand, 18:23 £-270, which is incorporated herein by reference, 

varying levels of binding win be observed. In general, the Preferably, the photosensitive protecting groups will be 

linker which provides the highest binding will then be used removable by radiation in the ultraviolet (UV) or visible, . 

to assay other ligands synthesized in accordance with the . portion of the electromagnetic spectrum. More preferably, 

techniques herein. 30 the protecting groups will be removable by radiation in the 

According to other embodiments the binding between a UV or visible portion of the tjifin u m. In some 
single ligand/receptor pair is evaluated for linkers of diverse embodiments, however, activation may be performed by 
monomer sequence. According to these embodiments, the other methods such as localized heating, electron beam 
linkers are synthesized in an array in accordance with the lithography, laser pumping, oxidation or reduction with 
techniques herein and have different monomer sequence 35 microdectrodes, and the like. Sulfonyl compounds are suit- 
(and, optionally, different lengths). Thereafter, all of the reactive groups far dectron beam lithography. Qri da- 
linker molecules art provided with a ligand known to have • tivc or reductive removal is accomplished by exposure of the 
& least some binding affinity for a given recepiar. The given protecting group to as dectric current source, preferably 
receptor is then exposed to the ligand and binding affinity is us iag microdectrodes directed to the predefined regions of 
(te&xxd. linker molecules which provide adequate binding 40 the strfice which crc desired for activation. CWier methods 
between the ligand and receptor are then utilized in screen- may be used in light of this disdosure, 
ing studies. Many although not olL of the phctoremovnble protecting 
D. Protecting Groups groups will be aromatic compounds that absorb near-UV and 

As discussed above, sdectivdy removable protecting visible radiation. Suitable photoremovable protecting 

groups allow creation of weB defined areas of substrate 45 group, are described in, for example, McCray et ol, 

surface having differing reactivities. Preferably, the protect- Patchcnak, I Amen Chart Sec. (1970) 92 rf333. and Anait 

ing groups are sdectivdy removed from the surface by et aL, Org, Chan. (1974) 39:191 which are incorporated 

cpplying a specific activator, such as electromagnetic nufia- herein by reference. 

tion of a specific wavelength and intensity. More preferably, ^ preferred dass of phmoremovable protecting groups 

the specific activator exposes se lected areas of surface to 50 has the general formula: 
remove the protecting groups in the exposed areas. 

Protecting groups of the present invention ore used in q a* NOi 

conjuECtioo with solid phase oligomer syntheses, such as y vJL JL R i 

peptide syntheses using natural or unnatural amino acids, Vr* o'T^^'T/aT^ 

nucleotide syntheses using deoxyribonuddc and rib©- 55 O I \ ) I 

nucleic cctds, cMgosacchnride syntheses, and the like. In W^^^S^w 

addition to prot ecting the substrate surface from unwanted T 

reaction, the protecting groups block a reactive end of the R) 
monomer to prevent self-polymerization, For instance, 

mnrhmrnt Af n prtrrring gmup to the nnrino terminus of an 60 where R 1 , R 3 , R\ and R 4 independently ore a hyorogen 

activated amino acid, such as an N-hydroxysuccinimide- atom, a lower alkyi, aryl. benzyl, halogen, hydroxyl, 

activated ester of the amino "n**, prevents the amino termi* alkoxyl. thiol, thioether, amino, nitro. carboxyL formate, 

nus of one monomer from reacting with the activated ester formamido or phospaido group, or adjacent substituents 

portion of another during peptide synthesis. Alternatively, (It, R l -R\ R 2 -R\ R*-R*) are substituted oxygen groups 

tiie protecting group may be attached to the carboxyl group 65 that together form an cyclic acetai or ketal;R 5 is a hydrogen 
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A preferred protecting group, 6-mtrovcrztryl (NV). which 
is used far protecting the carboxyl terminus of an amino acid 
or the hydroxyl group of a nucleotide, for example, is 
formed when R 2 and R 3 are each a me thaxy group, R\ R* 
and R 3 are each a hydrogen atom, and n=0: 



22 



Me 



NO, 




NO, 



a 




a 



OMe 



OMe 



10 



OMe 



OMe 



A preferred protecting group, o^nitioveratryioxycarbonyl 
(NVOQ, which is used to protect the amino twminnq of an 
amino acid, for example, is formed when R 2 and R 3 are 
a rnethcxy group. R 1 , R 4 and R 3 are each a hydrogen atom, 
and 11=1: 



Another most preferred protecting group, methyl-6- 
nirroverarxyloxycarboayl (MeNVOC), which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
farmed when R 2 and R 3 are each a methoxy group. R 1 and 
15 R 4 are each a hydrogen atom. R 5 is a methyl group, and rt=l : 



20 



Me 



NO, 



O 



NOa 





a 



OMe 
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Another preferred protecting group, oHoitropipcronyl 
(NP). which is used for protecting the carboxyl terminus of 
an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 2 and R 3 together farm a meth- 
ylene acetal. R 1 , R 4 and R 3 are each a hydrogen atom, and 
d=0: 



30 



Another most preferred protecting group, methyl-6- 
oitropiperonyl (MeNF), which is- used for protecting the- 
carboxyl terminus of an amino acid or the hydroxyl group of 
a nucleotide, far example, is formed when R 3 and R 3 
together farm a methylene acetal. R 1 and R 4 are each a 
hydrogen atom. R 5 is a methyl group, and n=0: 



NO, 



35 





a 



Another preferred protecting group. 
6-nitropiperonyloxycarbonyl (NPOQ, which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 together form a methylene acetaL 
R 1 , R 4 and R 5 are each a hydrogen atom, and n=l: 



40 



Another most preferred protecting group, methyl-6- 
lutropirxxonyloxycarboavl (MeNTOQ, which is used to 
45 protect the amino terminus of an amino acid, for example, is 
formed when R 2 and R 3 together farm a methylene acetal, 
R 1 and R 4 are each a hydrogen atom, R 3 is a methyl group, 
and n=l: 
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A most preferred protecting group, niemyl-o^nitroveratryl 
(MeNV). which is used for protecting the carboxyl terminus 
of an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 2 and R 3 are each a methoxy 
group, R l and R 4 are each a hydrogen atom, R 5 u a methyl 
group, and n»0: 



A protected amino acid having a photoactivatable oxy- 
carboDyl protecting group, such NVOC or NPOC or their 
cocrespooding methyl derivatives, MeNVOC or MeNPOC, 
respectively, on the amino terminus is formed by acyiating 
the amine of the amino acid with an activated axycarbonyl 
65 ester of the protecting group. Examples of activated axy- 
carbonyl caters of NVOC and MeNVOC have the general 
formula: 
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0 NOj 




OMs 
fcStNVOC-X 



where X is halogen, mixed anhydride, phenoxy, 
p-nitrqphenoxy, N^&GKysucriniinide. and the like. 

A protected amino cod or nucleotide having a photoac- 
tivatable protecting group, such as NV or NP or their 
corresponding methyl derivatives, MeNV or MeNP, 
respectively, on the carboxy k^mi* of the amino acid or 
^-hydroxy tenniniu of the nudeotide. is formed by acylat- 
ing the carboxy trrariRUs cr 5 -OH with an activated benzyl 
derivative of the protecting group. Examples of activated 
benzyl derivatives of McNV and McNP have the general 
formula: 




where X is halogen, hydroxy!, tosyl, mayL triflucrmcthyL 
dinxo, arido, and the Ebr. 

Another method far generating protected monomers is to 
react the benzyhc alcohol derivative of the protecting grcmp 
with on cctivaed ester of the monomer. For example, to 
protect the ccrboxyl terminus of an amino add. an activated 
ester of the amino add is reacted with the alcohol derivative 
of the protecting group, such as 6-nitrovenitrol (NVOH). 
Examples of activated esters suitable for such uses indude 
hato-fannate, mixed anhydride, imidazoyi formater acyl 
halidt, and also indudes fomatica of the activated ester in 
situ the use of common reagents such as DCC and the like. 
See Athaton et aL for other examples of activated esters. 

A further method fox generating protected monomers is to 
-react the benzylic alcohol derivative of the protecting gycup 
with an activated carbon of the monomet For example, to 
protect the 5'-hydrcotyl group of a nuddc add, a derivative 




OP 



where Y is a halogen atom, a tosyL mesyi trifl uoromethyl 
1° azido. or diazo group, and the like. 

Another class of preferred photochemical protecting 
groups has the formula: 



15 



20 




25 where R\ R 2 , and R 3 independently are a hydrogen atom, a 
Iowa alkyL aryl, benzyl halogen. hydroxy!, atoxyl, thiol, 
thioether, amino, nitro, carboxy 1, formate, fonnanrido, 
sulfonates, sulfido or pfaosphido group, R 4 and R 3 indepen- 
dently are a hydrogen atom, an atoxy. alkyL halo, aryl, 

30 hydrogen, or alkenyl group, and b=0 or 1. 

A preferred protecting group, 
1-pyrenylmethyloxycarbonyl (PyRGQ, which is used to 
protect the amino terminus cf an amino add, for example, is 
formed when R 1 through R 5 are each a hydrogen atom and 

35 o=l; 



40 



45 




O 



Another preferred protecting group, 1-pyrenyhncthyl 
(PyR), which is used for protecting the carboxy terminus of 
30 an amino add or the hydroocyl group of a nudectide, for 
example, is farmed when R 1 through R 3 art each a hydrogen 
atom and d=0: 



55 



60 
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activated oxycabonyl esters of PyROC have the general 
formula: 



26 




10 



where X is halogen, or mixed anhydride, p-mtrophenoxy. or 15 
N-hydroxysucrinimide group, and the like 

A protected amino acid or nucleotide having a photoac- 
tivatablc protecting group, such as PyR, on the carboxy 
terminus of the amino acid ox ^-hydroxy terminus of the 
nucleic acid, respectively, is formed by acylating the car- 20 
boxy terminus or 5'OH with an activated pyrenyimethyi 
derivative of the protecting group. Examples of activated 
pyrenyimethyi derivatives of PyR have the general formula; 




where X is a halogen atom, a hydroxy L, diazo, or azido 
group, and the like. 

Another method of generating protected monomers is to 
react the pyrenyimethyi alcohol moiety of the protecting 
group with an activated ester of the monomer. For example, 
an activated ester of an amino acid can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyi- 
methyi alcohol (PyROH), to form the protected derivative of 
the carboxy terminus of the amino acid. Examples of acti- 
vated esters include halo-formate, mixed anhydride, imida- 
zoyl formate, acyl halide, and also includes formation of the 
activated ester in situ and the use of common reagents such 
as DCC and the like. 

Clearly, many photosensitive protecting groups are suit- 
able for use in the present invention. 

In preferred enibcdiments, the substrate is irradiated to 
remove the photoremovable protecting groups and create 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups depends on the wavelength and intensity 
of the incident radiation, as well as the physical and chemi- 
cal properties of the protecting group itself. Preferred pro- 
tecting groups are removed at a faster rate and with a lower 
intensity of radiation. For example, at a given set of 
conditions, MeNVOC and MeNPOC are pbotolytically 
removed from the N-terminus of a peptide gh*in faster Thaf » 
their unsubstituted parent compounds, NVOC and NPOC. 
respectively. 

Removal of the protecting group is accomplished by 
irradiation to liberate the reactive group and degradation 
products derived from the protecting group. Not wishing to 
be bound by theory, it is believed that irradiation of an 
NVOC- and McNVOC-protected oligomers occurs by the 
following reaction schemes: 



30 
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NVOC-AA^3,4-dimethoxy-6-nitrosoben2aldehyde+ 
C0 3 +AA 

MeNVOC-AA^3.4-dimemoxy-6^nitrosoacetophenone+ 
C0 2 +AA 

where AA represents the N-terminus of the amino *j~jH 
oligomer. 

Along with the unprotected amino acid, other products are 
liberated into solution: carbon dioxide and a 23-dimethoxy- 
6-nitrosophenylcarbonyl compound, which can react with 
nudeophilic portions of the oligomer to form unwanted 
secondary reactions. In the case of an NVOC-protected 
amino acid, the degradation product is a 
nitrosobenzaldehyde. while the degradation product for the 
other is a mtrosophenyl ketone. For instance, it is believed 
that the product aldehyde from NVOC degradation reacts 
with free amines to form a Schiff base (imine) that affects the 
remaining polymer synthesis. Preferred photoremovable 
protecting groups react slowly or reversibly with the oligo- 
mer on the support 

Again not wishing to be bound by theory, it is believed 
that the product ketone from irradiation of a McNVOC- 
protected oligomer reacts at a slower rats with nucleophiles 
on the oligomer than the product aldehyde from irradiation 
of the same NVOC-protected oligomer. Although not unam- 
biguously determined, it is believed that this difference in 
reaction rate is due to the difference in general reactivity 
between aldehyde and ketones towards nucleophiles due to. 
stoic and electronic effects. 

The photoremovable protecting groups of the present 
invention arc readily removed For example, the photolysis 
of N-protected L-pheaylalanine in solution and having dif- 
ferent photoremovable protecting groups was analyzed, and 
the results are presented in the following table: 

TABUS 



Pbototrik of Ftwcled L~Pfrc— OH 



40 



Scire 



NBOC NVOC MeNVOC UeNPOC 



DioxMoc 

5 mM HjSCVDkme 



1238 

1575 



110 
98 



24 

33 



19 
22 



The half life, tl/2, is the time in seconds required to 

45 remove 50% of the starting amount of protecting group. 
NBOC is the 6- nitrobenzy loxy carbony 1 group, NVOC is the 
6-mtroveratryioExycarbonyl group, MeNVOC is the methyl- 
6-nitroveratryloxycarbonyl group, and MeNPOC is the 
methyl-o^nitropiperoQylcaycarbooyl group. The photolysis 

50 was carried out in the indicated solvent with 362/364 
nm-wavelength irradiation having an intensity of 10 
mW/cm 3 , and the concentration of each protected phenyla- 
lanine was 0.10 mM. 
The table shows that deprotection of NVOC-, MeNVOC-, 

55 and MeNPOC-protected phenylalanine proceeded faster 
than the deprotection of NBOC Furthermore, it shows that 
the deprotection of the two derivatives that are substituted 
on the benzylic carbon. MeNVOC and MeNPOC were 
photolyzed at the highest rates in both dioxane and acidified 

60 dioxane. 

1. Use of Photoremovable Groups During Solid-Phase 
Synthesis of Peptides 

The formation of peptides on a solid-phase support 
requires the stepwise attachment of an amino acid to a 
65 substrate-bound growing chain. In order to prevent 
unwanted polymerization of the monomelic amino acid 
under the reaction conditions, protection of the amino ter- 
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minus of the amino acid is required. After the monomer is 
coupled to the end of the peptide, the N-terminal protecting 
group is removed, and another amino acid is coupled to the 
chain. This cycle of coupling and deprotecting is continued 
for each amino acid in the peptide sequence. See MemfieJd. 
/ Am. Chem. Soc. (1963) 85:2149. and Athenon et aL, 
"Solid Phase Peptide Synthesis" 1989, IRL Press. London, 
both incorporated herein by reference for all purposes. As 
described above, the use of a photoremovable protecting where B is the base attached to the sugar ring; R is a 
group allows removal of selected portions of the substrate 10 hydrogen atom when the sugar is deoxyribose or R is a 
surfece, via patterned irradiation, during the deprotection hydroxy* group when the sugar is ribose; P represents an 
cycle of the solid phase synthesis. This selectively allows acthrat ^ P^phorous group; and X is a photoremovable 

coupled only to the uradiated areas. 13 described above. The activated phosphorous groufTp. is 

In one embodiment the photoremovable protecting preferably a reactive derivative having a high coupling 
groups of the present invention are attached to an activated efficiency, such as a phosphate-triester, phosphoramidite or 
ester of an amino acid at the amino terminus: the like. Other activated phosphorous derivatives, as well as 

reaction conditions, are well known (See Gait). 
Y^^NH-x 20 E. Amino Add N-Ccrboxy Anhydrides Protected With a 

Photoremovable Group 

R During Merrifteld peptide synthesis, an activated ester of 

one amino acid is coupled with the free amino terminus of 
_ . , . , a substrate-bound* oligomer. Activated esters of amino ™^<*< 

where R is the side chain of a natural or unnatural amino suitable for the soHd phase synthesis include hal^forxnalc, 
cod, X is a photoremovable protecting group, and Y is an 23 mixed anhydride, imidazoyl formate, acyl haiM^ and also 
cctivated carbaxylic add derivative. The photoremovable includes formation of the cctivated ester in situ and the use 
protecting group. X is preferably NVOC, NPOC PyROC of common reagents such as DCC and the Uie (See Alherton 
MeNVOC MeNPOC, and the like as discussed above. The et aL). A preferred protected anact activated amino add has 
cctivated ester, Y. is preferably a reactive derivative having the general formula: 
a high coupling efficiency, such as an acyl faalide, mixed 
cahydride, N-hydroxysucciniraide ester, perfluorophenyl 
ester, or urethane protected add. and the like. Other acti- 
vated esters and reaction conditions are well known (See 
Atbertonetal.). 35 xo n , 

2. Use of Photoremovable Groups During Solid-Phase |f* x> { 

Synthesis of Oligonudeotides ° o 

The formation of oligonudeotides on a solid-phase sup- 
port requires the stepwise attachment of a nudeotide to a where R is the side chain of the amino r™\ and X is a 
substrate-bound growing oligomer. In order to prevent 40 photoremovable protecting group. This compound is a 
unwonted polymerization of the monomelic nucleotide urethane-protected amino acid having a photoremovable 
under the reaction conditions, protection of the f'-hydroxyl protecting group attach to the amine. A more preferred 
group of the nucleotide is required. After the monomer is activated amino add is farmed when the paotcTemovable 
coupled to the end of the oligomer, the J -hydroxy! protect- 43 P rctcct iz& gro^P has the general f ormula- 
ing group is removed, and another nucleotide is coupled to 

the chain. This cyde of coupling and deprotecting is coo- f °* f* 
tinued far each nucleotide in the oligomer sequence. See 
Gait "Oligonucleotide Synthesis: A Practical Approach" 
1994. IRL Press, London, ino arpuia tcd herein by reference 50 
far all purposes. As described above, the use of a pbotare- 
movable protecting group allows removal, via patterned 
hrcriLorjott, of selected portions of the substrate surface 
daring the deprotection cyde of the solid phase synthesis. where R\ R\ R 3 , and R* independently are a hydrogen 
This selectively allows spatial control of the synthesis-tbe « atom, a lower alkyl, aryl. benzyl, halogen, hydroxy L, 
next nudeotide is coupled only to the irradiated areas. alloaxyl, thiol, thioether, amino, nitro, carboxyL formate, 

OUgonudectide synthesis generally involves coupling an fraruunido or phosphido group, or adjacent substimeats 
cctivated phosphorous derivative on the 3'-hydroxyl group (Le " R ~ R ' R R ' R m substituted oxygen groups 
of a nudeotide with the 5'-hydruxyl group of an oligomer ^ ^ togcth f fann V 7 ^ ^°!^ tal; R " a 
bound to a solid support Two major chemical methods exist * h J^°^ n ^ ^ hvdro 8^ ^ "' 

to pe tf oi iu this coupling: the phosphate-triester and phos- try group. 

phc^midite m^Z GmUPr^ting sroups of the . A 1010 U fomcd wbcn * c 

pu^umiiiitc uicukau loccuiay. rroxecong groups 01 me photoremovable protecting group is 

pnseni invention are suuame ror use in either method. 6-muoveratryloxycarbooyL That is, R 1 and R 4 are each a 

In a preferred embodiment a photoremovable protecting 65 hydrogen atom, R 2 and R 3 are each a methoxy group, and 

group is attached to an activated nudeotide on the R 5 is a hydrogen atom, Another preferred activated amino 

y-hydroxyl group: acid is formed when the photoremovable group is 
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o^nitrooiperonyl: R 1 and R 4 arc each a hydrogen atom. R 2 of sMll in the art such as a model no. 2025 made by Spectra 

and R together form a methylene acetaL and R 3 is a Physics, light from the source is directed at a lens 1CC4 

hydrogen atom. Other protecting groups are possible. which is preferably a cylindrical lens of the type well known 

Another preferred activated ester is farmed when the pho- to those of skill in the art The resulting output from the lens 

toremovable group is methyl-6- nitroveratryl or methyl-6- 5 10®4 is a linear beam rather than a spot of light, resulting in 

mtropiperonyl. the capability to detect data substantially simultaneously 

Another preferred activated amino acid is formed when along a linear array of pixels rather than on a pixel-by-pixel 

the photoremovable protecting group has the general far- basis. It will be understood that a cylindrical lens is used 

tmtix herein as an illustration of one technique for generating a 

1Q linear beam of light on a surface, but that other techniques 

could also be utilized. 

The beam from the cylindrical lens is passed through a 

dichroic mirror or prism (103$) and directed at the surface 

of the suitably prepared substrate 1S08, Substrate 1038 is 

placed on an x-y translation stage 1009 such as a model no. 

15 PM500-8made by Newport light at certain locations on the 

substrate wOl be fluoresced and transmitted along the path 

indicated by dashed Hues back through the dichroic mirror. 

and focused with a suitable lens 1010 such as an f/1.4 

camera lens on a linear detector 1012 via a variable f stop 

20 focusing lens 1014. Through use of a linear light beam, it 

. „i « 2 , , . becomes possible to generate data over a line of pixels (such 

u rJ* ' ^ »! i^^^L^^^ f as *oirt 1 an) along me substrate, rather than from indi- 

Srj^ ^. ^ ^ viihud poims on the substrate. In alternative embodiments, 

3, T^^Jr^l SZTti light is *re*ed at a 2^imensional area of the substrate and 
sultanates, sum do or pnosemdo group, and R and R « , ,. u# , . ^ . . * . 

independently are a hyd^atom^TaW alkyU halo. * f^ 3 ^^ l™ aB * a *<™ 1 CCD rmy. 

aryUyW*- <* alJayllrcup. Tne ^Scc^Ld is bKaUB **" 

a^c^a^oacid^g.py^ylme^- P °^ e ^^TL^of li^fl^f^ 

loxycarbonyl protecting stood attached to the amine. A mare . L , ^ ™ OB ™ °» "S™ noorescea rrora 

preferred embaliment is farmed whea R l through R 5 are Jl*?*** J* * P 0 ^* 66 ^ * «* 

each a hydrogen atom. 30 embodiment the detector is a lmear CCD array of the type 

nie uremane-protected amino acids having a pbotare- TT^ ^"l U ?* MC « ^ ^ 

movable protectbg group of the pre** in^on^pre- ^^Jf*' *«Jf ™^ ^ 

acybting agent such as an aJSe. anhydride, chlorc- S^ffS^^ 

formate and the like (See Fuller et aL U.S. Pat No. 33 co ^ c « ioa ^ n »* c CCDanry. 

4.946542 and Fuller et ai. J. Amer. Char, Soc. (1990) ^Jf^ 00 -* 6 "^fff " Wcprutery poatioaed by 

112:7414-7416. both herein incorporated by reference for '"^"f^ ^ " ^ iUunaMt « L 

all purposes) inteanr y data are gathered with the computer via the 

group, are Specially useful fcV the spatially addressable (^^^^^^^p^h.Tlcmeiv^ 

peptide synthesis. These amino adds afunctional: the . . ^^^^ihcamb^fpj^^^Vi^mmm 

urethane group first serves to activate the cattey terminus 45 IZ^^S?*'** t0 ^«^F^^» 

for reaction with the amine bound to the surface and. once ^ tas , 11(M * c , (maaBMPC ccmpmbk 

the peptide bond is formed, the photoremovable rcotectmg compute^ fox e^le) murfaces wiA a multichannel scaler 

*rm7ZZ~,. rrt^ , T^, r^^ 6 11C3 such as a Stanford Research SR 430 and an s-y sfcwe 

group protects the newly fanned amino terminus from „ . _ „,_„ , ~t>*- 

tk-. -a i ^ controller 1103 such as a PM500. The signal from the Hjmt 

turtner reaction. These amino acids are also highly reacuve . T 6 

to nudeophiks, such as deprotected amines Tme surface 50 &om*e fiuc^g suterrr^ enters a pbown ccurmlllO. 

of the sohTsupport. anTmTto mis high reactivity, the P«^8 ^ to the scalerUOS. Dau are outrnrt from me 

soUcUpr^pe^a^lmgtmies^ sigSca^ s^la indicative of ^ number of counts in a given region. 

and^aWrypic^highct Afto sc^ a sekcted area, the stage controlte is acd- 

^ vated with commands far occelerction and velocity, which in 

IV. Data Collection 55 turn drives the ccan stage 1112 such as a PM500-A to 

A. Data Collection System another region. 

Substrates prepared in accordance with the above descrip- Data arc collected in an image data file U10 and pro- 

tion are used in one embodiment to determine which of the cessed in a sailing program 1116, also included in Appendix 

plurality of sequences thereon bind to a receptor of interest B. A scaled image is output for display oil for example, a 

FIG. U illustrates one embodiment of a device used to 60 VGA display 1118. The image is scaled based on an input of 

detect regions of a substrate which contain flourescent the percentage of pixels to dip and the minimum and 

markers. This device would be used, fox example, to detect minimum pixel levels to be viewed The system outputs for 

the presence or absence of a labeled receptor such as an use the min and max pixel levels in the raw d*ra 

antibody which has bound to a synthesized polymer on a B. Data Analysis 

substrate. 63 The output from the data collection system is an array of 

Light is directed at the substrate from a light source 1092 data indicative of fluorescent intensity versus location on the 
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tially smaller than the area in which synthesis of a given At step 1312 the system then integrates the data within the 
polymer has taken place. Merely by way of example, if bandwidth for each of the selected cells, sorts the data at step 

polymers were synthesized in squares oq the substrate 1314 using the synthesis procedure file, and displays the A*t^ 

having dimensions of 500 microtis by 500 microns, the data 10 a user on. for example, a video display or a printer, 

may be taken over regions having dimensions of 5 microns 5 

by 5 microns. In most preferred embodiments, the regions v - Representative Applications 

aver which fiourescence data are mfrpn across the substrate A. Oligonucleotide Synthesis 

are less than about H the area of the regions in which The generality of light directed spatially addressable 

individual polymers arc synthesize*^ preferably less than V\o parallel chemical synthesis is demonstrated by application to 

the area in which a single polymer is synthesized, and most 10 nucleic add synthesis, 

preferably less than Vioo the area in which a single polymer 1* Example 

is synthesized. Hence, within any area in which a given Light activated formation of a myrnidinecytidine dimer 

polymer has been synthesized, a large number of fluores- was carried out A three dimensional representation of a 

cence data points are collected. fluorescence scan showing a chedoerbasrd pattern generated 

A plot of number of pixels versus intensity for a scan of is &c light-directed synthesis of a dinudeotide is shownin 

a cell when it has been exposed to, far example, a labeled ^ ^-mrrovcrarryl mymidine was attached to a synrhe- 

antibody will typically talse the form of a bell curve, but *** sub f raIC trough the 3' hydroxy 1 group. The mtroveratryl 

spurious data are observed, particularly at higher intensities. protecting groups were removed by Al um i nati on through a 

Since ft is desirable to use an average of fluorescent intensity 101X1 checkerboard mask- The substrate was then treated 

over a given synthesis region in deterrnimng relative binding ^ phosphoramidile activated 2'-deoxycytidine. In order to 

affinity, these spurious data will teed to undesirably skew the f oQow toc rc£ction flaorometricalry, the deaxycytidine had 

dnta. been modified with an FMOC protected aminohexyi KnVw 

Accordingly, in one extibodiment of the invention the data attached to the exocycHc amine (SMDniimelhcKytri^ 

ere corrected for removal of these sparicus data points, and (6-N-fl a orenylme thylcarbamoyl-hexyl carboxy)-2'- 

an average of me data points is thereafter ntrtfw«4 in deter- deoxycytidme). After removal of the FMOC protecting 

minin g relative binding euldeacy. 23 group with base, the regions which contained the dinade- 

FK3. 13 illustrates one embahment of a system for ^ wcrt ^oresccDily labdkd by treatment of the sub- 

removalcf spurious data from a set of fluorescence data such strate with 1 mM FITC in DMF for one hour, 

as data used in affinity screening studies. A user or the Tb£ three -dimensional representation of the fluoresces! 

system inputs data relating to the chip location and cell ■ intEnsity data in FIG. 14 dearly reproduces the checker- 

ccrners at step 1392. from this information and the image 30 boar(i fllomin ation pattern used during photolysis of the 

file, the system crcdes a computer representation of a substrate, This result demonstrates that ohgoancleotides as 

histogram at step 1304. the histogram (at least in the form of weD 03 peptides can be synthesized by the Ught-dhxcted 

a r-nmpntrr g]^) plotting number of data pixels versus method, 
intensity. 

For each cell, a main data analysis loop is then ]^ i ft» n ^ 35 VI Coedusion 
Far each cell, at step 130$, the system cu lnil rt ^ the total 

intensity or number of pixds for the bandwidth centered The invenaons terein provide a new £ppxoach for the 

around varying intensity levels. For example, as shown in simultaneous synthesis of a large number of compounds, 

the plot to the right of step 1303, the system calculates the Tnc n^ 04 0111 te allied whenever one has chemical 

number of pixels within the band of width w. The system *q bloda mat can be coupled in a solid-phase format, 

then *moves w this bandwidth to a higher center intensity and and when light can be used to generate a reactive group, 

again c a l n i lar ps the number of pixels in the bandwidth. This The above description is illustrative and not restrictive, 

process is repeated until the entire rcage of intensities has Many variations of the invention will become apparent to 

been scanned, and at step 1303 the system determines which those of sMll in the art upon review of this disdosure. 

band has the highest total number of pixds. The data within Merely by way of example, while the invention is illustrated 
this bandwidth are used for further analysis. Assuming the 43 primarily with regard to peptide asd eodeotide synthesis, 

bandwidth is selected to be reasonably small, this procedure the invention is not so limited. The scope of the invention 

will have the effect of eliminating spurious data located at should, therefore, be determined not with reference to the 

the higher intensity levels. The system then repeats at step above description, but instead should be determined with 

B10 if all cells have been evaluated, or repeats for the next reference to the appended rimm* along with their full scope 

celL of equivalents. 



SBQU8XCS tISTIKO 



( 1 )C^e2ALWFCOfcaaJCW: 

( I i i )XU^mCPSBQCEKCBS: a 

< 2 ) WFcomna?* Fca SSQ ID KOU: 

( i )SEQCEPCC2 CHAOACIHUSTICS: 
( A )t£K01H:Sc==»cffib 
( D ) TTF2: c==a anJ 
( C ) STXUKDH3XBSS: e=oh 
( D ) TCCrOLOOT. f r 
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-continued 



( i i JMCLBCUJETTCp.pojb 

( I i ) SEQUENCE CeSOUTDON: SSQ ID NO:l: 

Tyr 01 j Oly p b « Lit 

t 3 



( 2 ) INFORMATION POR SBQ ID N02: 

( i ) SEQUENCE CBJtfUCTEWSTJCS: 
( A ) LENGTH: 5 n» nb 
( B ) TYPE: no sett 
( C ) STKANDEBNESS: njfe 
( D ) TOPOLOGY 

( i i ) MOLECULE TTP& f-pod. 

( x i ) SBQCENCB DESOUTHOfi: SBQ ID NOO: 

Pro Oly Oly Pfa • L«n 

1 3 

< 2 ) INFORMATION POR SSQ ID N03: 

( i ) SEQUENCE CBAIUCTERISTICS: 
( A ) LENGTH: 5 nuo ndi 
( B )TTFE:*M»o»dd 
{ C ) 3TJUNDEDNESS: 
( D )TOPOLOOTtMw 

< i t ) MCLBCULE TTTE: pipbAt 

( x i ) SBQCENCE DE3C3UTOOW: SBQ ID NW: 

Tyr Oly Alt Oly P» • 

I 3 

( 2 ) INPORMAHON TOR SBQ ID NCM: 

( i ) SEQUENCE CSASACTEUSTBCS: 
( A ) LENGTH: 6 ■> ante 
( B )TTPE: no arid 
( C ) STBAKDEDKESS: tmjm 
( D ) TOP0LOOT: faaar 

< i i ) MOLE CUL E TTTE: papaaa 

(xt) SEQUENCE DESCRIPTION: SBQ ID NOj* 

Tyr Oly All Pht L • • Sir 

1 3 



< i ) SEQUENCE CHARACTBOSTJCS: 
( A ) LENGTH: 3 mo andi 
( B )TTPE:acBBo«sS 
( C ) STJUNDEDNESS: M«b 
( D jTOPCLOOTtBaa. 

( i i )MDCBCUl£TTTt papodi 

( x i ) SEQUENCE UCXJUPIUJ H: SBQ ID NOJ: 

Tyi Oly Ala Fbi 3 • r 

1 5 

( 2 ) INFORMATION FOR SBQ ID NOA 

( i > 



( a )iinam3«»>- 

( B ) TYPE: mamo arid 
( C ) STJUN3EDKBSS: ■ 
( D ) TOPOLOGY: dm 
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-continued 

{ i i ) MQLBCULE TTPE: p^XKk 

< I i ) SaQUBKE DESCRIPTION: SBQ ID NM: 

T 7 r Oly At* P h e L«u 
i 3 



( 3 ) INFORMATION FDR SEQ ID HOf7: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENOIR: 6 nan aait 

( C ) 5TRANDEDNES&: sMfb 
(D)TOFOI£OY:1W 

( » i ) Mm TTTTI.E TYTfc p^ode 

( x i ) S8QCENCE DESCRIPTION: SEQ ID NO:7: 

Tyr O 1 7 Ol 7 Phi L*o 5 • r 

1 5 

( 2 ) IKPORMATION POR SBQ ID NO* 

( 1 ) 3BQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 4 mmm> 
( B ) TTPE: no acx! 
( C )3TRANDEDNE33: 
(D)lCrOLOOT;aW 

( i i ) MOLBCUU! TTrE: j-pddo 

( I 1 ) SBQGENCC DESCRXFTJOR SBQ ID NO* 

Tyr Oly All Pk«. 
I 

( 2 )XNJ>OSMXnONPORSaqiD>0» 

( i )3BQJJE»CE CHARACTERISTICS; 

(A ) LENGTH: 5 an tadi 

< S )TTFB: ao4 

( C ) STRANDCDNESS: M«b 

< D )TC*«OLO(JT:i— ■ 

( i i ) MDLBCVU TYPE; {Mfbd* 

( & i )S8QU8NCZDB9CUmOH:S8QIDH&9: 

Tyr Oly Ala L • • 3 • r 

t 5 

( 2 )IHFOUUnOHPOJlSBQIDNChlO: 

< i )S»qUENCTCHAAACTBBjrSC3: 

(»H 
(C)a 

( D JTGPOLOOTil 

( i i ) 
( » i ) 

Tyr Oly Oly Pi ♦ 3 * r 

J 3 



( 2 ) INFORMATION FOR SBQ ID NOsH: 

( i )SBQXJB><E CHARACTERISTICS: 
( A ) LENGTH: 4 

< B )TYn.*M» acid 

< C )STJUN3eDNE33:«^i 
{ D > TOPOLOGY: Km 



* 
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( i i ) MOLECULE TYPE: p*ttfe 

( x i ) SBQCENCE DESOUPTION: SSQ ID HO LI: 

Tyr 01; Ala L • o 

1 



( 2 ) INPOftMAIlON FOR SBQ £D NO:L2: 

( i ) SEQUENCE CHARACTERISTICS: 
< A )LJENOTH:6anbo*idi 
( B ) TYPE: ■sow «i) 
( C ) STJUNDEDNESS: ia«ak 
( D ) TOPOLOGY: Ea*ar 

< i i ) MOLBCULE TTfre; p^dk 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NChli 

Tyr <J1 j Ala Ph. L • o Pfc • 

1 5 

( 2 ) INFORMATION FOR SBQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 maao add* 
( B ) TYPE: wmn *od 
( C ) STRANDEDNESS: m«> 
( D ) TOPOLOGY: &aear 

( i i ) MC4JBCULE TYPE: papak 

(ii) SBQCENCE Df STgrPTIOM: SBQ ID NOD: 

T j i Oly Ala Pba Pbt 

I 3 

( 2 ) INFORMATION FOR SBQ ID NO: 14: 

( t ) SBQCENCE CHAJUCTSOSTCS: 
( A ) LENGTH: 3 abo acid* 
( B ) TYPE: aaaao add 
( C ) STSOeCCDfCSS: mmjm 
( D )TOPOLOOY:&M 

( i i ) MOLECULE TYPE: pqttk 

Ci) SBQUENCE DESCRIPTION: SBQ ID NO.H: 

T 7 t Oly Oly Lav S • I 

1 5 



( 2 ) INFORMATION POR SBQ ZD NOL3: 

( i )3atTJB* 

( A ) LENGTH: Sanaap aoidt 
( B )TYFBj aaain ■ 
( C ) STRANDEDNESS: wha+ 
( D ) TOPOLOGY: iaaar 

< i i ) MOLECULE TYPE: papafc 

( t i ) SSQC&KZ LC3LR1P1XJN: SBQ ID NO: 13: 

Tyr Oly Oly Pb« L a « 

1 3 



( 2 ) INFORMATION POR SBQ ID NOilft: 

( i )S&OJJ8WX<SAJtACTEK3TXCS: 
( A ) LENGTH: 6 aaaao acid* 
f B )TYPE:MMni 
( C ) STRANTJEDNE53: a-*. 
( D ) TOPOLOGY: Saaai 
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( i i ) MOLECULE TYPE: papbdi 

( E i ) 58QUENCE DESCRIPTION: SBQ ID NO: 16: 

T f t 0 1 y All fbi 3«i F b • 

I 9 



( 3 ) INFORMATION POR SBQ ID NO--I7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 mx*> m±k 
( B )TTPE;«»o«3d 
( C ) STAANDEDNESS: tm& 
( D ) TOPOLOGY: fiaur 

( ! i ) MOLECULE TYPE: p^akfc 

< X i ) SBQUENCS D6SCB1PTJ0K: SBQ ID P*>17: 

Tyr 01 y Alt Phi Lav S*r Paa 

1 -5 



( 3 )IM^0RMATKNPORS&QIDNO:U: 

( i ) SBQUBVX CHARACTERISTICS: 
( A )UWIB:iw)Mfa 
( B )TYPE: «aoo aad 
( C )STRAM3CDNES3:a B *. 
( O ) TOPOLOGY: aaa»r 

( i i )MCCaCULET7?&pjfHb 

(ii ) nqUEMCE DESCRIPTION: SBQ ID NOtlt: 

Tyi Oly A!> Paa Mat Ola 

1 is 



( 3 ) INFORMATION FOR SBQ ID NOl* 

( i )SB3VE>CECTARACTEKraCS: 
( A )UMOm 5 
( S ) TYPE: ano acid 
{ C ) STAANDBDNBS3: okftta 
( D ) TOPOLOOY; aaaar 

( i t )MOLBCULETYPE:»^««fc 

( t i ) 3BOUENCE DESCRIPTION: SBQ ID NO:l9: 

Tjt Oly Ala Paa Mat 

1 5 



( 3 ) INFORMATION FOR SBQ ID NOOD: 

( i )S8QUOCSCaAILACTBa5TJC3: 
( A ) LENOTH: 3 ft*B*j> ants 
( B ) TYPE: amaao acid 
( C )ST£A*DECNB53:«»*a 
( D ) TOPOLOOT Saw 

(11 ) MOLBCUU TYPE: papafti 

( s 1 ) SBQUQC2 DESCUPTJOK: SBQ ID NO30: 

Tyt Oly Al ft Pb* Ol ■ 

1 5 



( 3 ) INFORMATION POft SBQ ID NOtH: 

( i )3BQJJB«B CHARACTERISTICS: 
< A ) LENGTH: 3 aan aad« 
( B ) TYPE: aaaaoanl 
( C ) 5TRANDEDNE33: mm* 
( D ) TOPOLOOY: kaaar 



